BTCT DlT ONG LlfC TRONG KT-CT 

1 Dai curcfng ve BTCT ting lire trurdc. 

1 Khai niem. 

Tren dam mot nhip, ta dat vao mot life nen trUdc N (Hinh 1a) va 
tai trong sCf dung P (Hinh 1b). Dudi tac dung cua tai trong P, b vung 
dudi cua dam xuat hien ting suat keo. NhUng do anh hudng cua lUc 
nen N, trong vung dudi do lai suat hien ting suat nen. Cfng suat nen 
trUdc nay se triet tieu hoac lam giam Cfng xuat keo do tai trong sir 
dung P gay ra. Oe cho dam khong bi nut, Cfng xuat tong cong trong 
vung dudi khong dUOc vUOt qua cUdng do bi keo R k cua betong. 

Oe tao ra lUc nen trUdc ngUdi ta cang cot thep roi gan chat no 
vao be tong thong qua lUc dinh hoac neo. Nhd tinh chat dan hoi, cot 
thep co xu hudng co lai va se tao nen luc nen trUdc N. NhU trUdc khi 
tai trong sCf dung P, Cot thep da bi cang trUdc con betong thi da bi 
nen trUdc. 

2 Ifu- khuyet diem cua BTCT uftg luc tr 6c. 
a/. Lfu diem: 

1 . Can thiet va co the dung d- gc thep c- dng do cao. 

Trong betong cot thep thudng, Khong dung dUOc thep cUdng do 
cao, vl nhUng khe nut dau tien b betong se xuat hien khi Cfng xuat 
trong cot thep chiu keo aa mdi chi dat gia tri tCr 200 den 300 KG/cm2. 
Khi dung thep cUdng do cao Cfng xuat trong cot thep chiu keo co the 
dat tdi tri so 10000 den 12000 KG/cm2 hoac Idn hon. Oieu do lam 
xuat hien cac khe nut rat Idn, vUOt qua gia tri gidi nan cho phep. 
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Hinh 1. Su lam viec cua dam betong cot thep 

a) Khi chiu life nen N dat d dau dam - b)khi chiu tai trgng sCt 

dung P 

Trong betong cot thep ting life trUdc, do co the khong che sir 
xuat hien khe nut bang life cang trifdc cda cot thep nen can thiet 
va co the dung dUOc thep cUdng do cao. Ket qua la dung it thep 
hon vao khoang 10 den 80%. 

Hieu qua tiet kiem thep the hien ro nhat trong cac cau kien co 
nhip I6n, phai dung nhieu cot chiu keo nhu dam, gian, thanh keo cua 
vom, cot dien, tudng be chifa, Xilo v.v ... (tiet kiem 50 - 80% thep). 
Trong cac cau kien nhip nho, do cot cau tao chiem ti le kha I6n nen 
tong so thep tiet kiem se it hon (khoang 15%). 

Dong thdi cung can lUu y rang gia thanh cua thep tang cham hon 
cUdng do cua no. Do vay dung thep cUdng do cao se gop phan lam 
giam gia thanh cong trinh. 

2. Co kha nang chong nut cao hon. (Do do kha nang chong tham tot 
hon). 
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Dung betong cot thep LTLT, ngUdi ta co the tao ra cac cau kien 
khong xuat hien cac khe nut trong vung betong chiu keo, hoac han 
che sir phat then be rong cua khe nut, khi chiu tai trong sif dung. Do 
do betong cot thep LTLT to ra co nhieu Uu the trong cac ket cau ddi 
hoi phai co kha nang chong tham cao nhu 6'ng dan co ap, be chifa 
chat long va chat khi v.v ... 
3. Co do cilng Idn han. (Do do co do vong va bien dang be han). 

Nhd co do cifng I6n, nen cau kien betong cot thep LTLT co ki'ch 
thu6c tiet dien ngang thanh manh hon so vdi cau kien betong cot thep 
thudng khi co cung dieu kien chiu lUc nhu nhau, vi vay co the dung 
trong ket cau nhip I6n. 

Ngoai cac Uu diem co ban tren, ket cau betong cot thep LTLT con 
co mot so Uu diem khac nhU: 

- Nhd co tinh chong nut va do cifng tot nen ti'nh chong moi cua 
ket cau dUOc nang cao khi chiu tai trong lap di lap lai nhieu Ian. 

- Nhd co LTLT nen pham vi sif dung ket cau betong cot thep lap 
ghep va nCfa lap ghep dUOc md rong ra rat nhieu. NgUdi ta co the sif 
dung bien phap LTLT de ndi cac manh rdi cua mot ket cau lai vdi 
nhau. 

b/. NhUOc diem: 

LTLT khong nhUng gay ra ting suat nen ma con co the gay ra ufng 
suat keo d phia ddi dien lam cho betong co the bi nut. 

Viec che tao betong cot thep LTLT can phai co thiet bi dac biet, 
co cong nhan lanh nghe va co sU kiem soat chat che ve ky thuat, neu 
khong se co the lam mat LTLT do tuot neo, do mat lUc di'nh. Viec bao 
dam an toan lao dong cung phai dac biet lUu y. 
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2. Cac phirong phap gay ting lire trirdc. 

2. 1 Ph ong phap cang tr 6c (cang tren be). 

Cot thep L/LT dUdc neo mot dau co dinh vao be con dau kia 
dUdc keo ra v6i life keo N (Hinh 2a). Difdi tac dung cua life N, Cot 
thep diroc keo trong gi6i han dan hoi va se gian dai ra mot doan A 1 , 
tifdng Cfng v6i cac Cfng suat xuat hien trong cot thep, diem B cua 
thanh dUdc dich chuyen sang diem B 1t khi do, dau con lai cua cot 
thep dUOc co dinh not vao be. 

Tiep do, dat cac cot thep thong thudng khac roi do betong. Odi 
cho betong dong cifng va dat dUOc can thiet R thl tha cac cot thep 
LTLT rdi khoi be (goi la buong cot thep). NhU mot 16 so bi keo cang, 
cac cot thep nay co su hudng co ngan lai a thong qua lUc dinh giUa 
no v6i betong tren suot chieu dai cua cau kien, cau kien se bi nen v6i 
gia tri bang lUc N da dung khi keo cot thep (Hinh 2b). 

a) 6 13 




Hinh 2. So 66 ph 6ng phap cang tr 6c 
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a) Tr- dc khi buong cot thep ULT- b) Sau khi buong cot thep 

ULT 
1- Cot thep Cfng life tr- dc; 2- Be cang; 3- Van khuon; 4- Thiet bj 

keo thep; 
5- Thiet bj co djnh cot thep Cfng life tr- dc; 6- True trung tarn. 

Oe tang them life di'nh giufa betong va cot thep, ngifdi ta thifdng 
dung cot thep LTLT la cot thep co co gd hoac la cot thep tron diroc 
xoan lai, hoac la d hai dau co cau tao nhCfng mau neo dac biet (Hinh 
3). 
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Hinh 3. Neo cot thep trong ph Ong phap cang tr dc 

a) Han doan thep ngan hay vdng dem - b) Ren cac gd xoan 6c 
c) Neo loai vdng - c) Neo loai ong. 

PhiTOng phap cang trifdc to ra ifu viet doi v6i nhCfng cau kien san 

xuat hang loat trong nha may. d do co the xay dung nhUng be cang 

co dinh co chieu dai tCr 75 den 150 m de mot Ian cang cot thep co the 

due dUOc nhieu cau kien (vi du dam, Panen). Cung co the sCf dung 

van khuon thep lam be cang. 

2.2 Ph cfng phap cang sau (cang tren be tong). 
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TrUdc het cfat cac cot thep thong thifdng vao cac 6'ng ranh bang 
ton, kem hoac bang vat lieu khac de tao cac ranh doc, roi do betong. 
Khi betong dat den cUdng do nhat dinh R thi tie'n thanh luon va cang 
cot thep LTLT t6i ting suat qui dinh. Sau khi cang xong, cot LTLT dUOc 
neo chat vao dau cau kien (Hinh 4). Thong qua cac neo do cau kien 
se bi nen bang lUc da dung khi keo cang cot thep. Tiep do, ngUdi ta 
bom vCra vao trong 6'ng ranh de bao ve cot thep khoi bi an mon va tao 
ra lUc dinh giUa betong vdi cot thep. 

De bao dam tot sU tryuen lUc nen len cau kien, ngUdi ta che tao 
cac loai neo dac biet nhu neo Freyssinet (Neo bo soi thep khi dung 
ki'ch hai chieu - Hlnh 5). 

Neo kieu cdc (Hinh 6). 
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Hinh 4. Scfdoph Ong phap cang sau 

a- Trong qua trinh cang ; b- Sau khi cang. 

1- Cot thep LfLT; 2- Cau kien BTCT; 3- ong ranh; 
4- Thiet bi kich; 5- Neo; 6- True trung tarn 



I 
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Hinh 5. Neo bo sol thep khi dung kfch hai chieu. 

1- Bo soi thep, 2- Chem hinh con, 3- Khoi neo bang thep 
4- Ban thep truyen li/c, 5- Doan ong neo, 6- ong tao ranh 

Phifdng phap cang sau diTdc sif dung thi'ch hdp de che tao cac 
cau kien ma yeu cau phai co life nen betong tifdng doi hoac cac cau 
kien phai do betong tai cho. No con diroc dung de ghep cac mang 
cua ket cau co nhip I6n (khoang tren 30m) nhu nhip cau, cac dam, 
dan v.v ... 
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Hinh 6. Neo kieu coc. 

1- Be tong, 2- Coc bang thep, 3- Chot thep, 4- Vdng dem bang thep 
5- Vdng kep, 6- Bo sgi thep, 7- ong tao ranh, 8- Cau kien. 

3 Cac ch? dan cd ban ve cau tao. 

3.1 Vat lieu. 

a. Be tong va vtia. 

Betong dung trong cau kien betong cot thep LTLT la betong nang 
co mac I6n hdn hoac bang 200. Viec lUa chon mac betong phu thuoc 
vao dang, loai va dudng kinh cua cot thep cang, cung nhu phu thuoc 
vao viec co dung neo hay khong dung neo. Vf du neu dung soi thep 
co dudng kinh khong I6n hdn <3>5 thi cac thiet ke cua betong lay khong 
nho hdn 250, con neu soi thep co dudng kinh khong nho hdn <E>6 thi 
mac thiet ke cua betong lay khong nho hdn 400. Ngoai ra viec lUa 
chon mac betong con phu thuoc vao cUdng do ma no can phai co khi 
bat dau gay LTLT, cung nhu vao loai tai trong tac dung len cau kien. 
Thong thudng, vdi ket cau nhip I6n dam, dan v.v ... nen dung betong 
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mac 400 hoac 500, con ddi vdi ket cau co nhip thong thudng nhu 
panen, xa go v.v ... nen dung betong mac 300 hoac 350. 

VCfa dung de lap cac khe thi cong, cac moi noi cda cau kien 
ghep, de lam I6p bao ve cot thep va bao ve cac neo, phai co mac tCr 
150 trd len. VCfa dung de bom vao cac 6'ng ranh phai co mac khong 
nho hon 300 va phai de chay, ft co ngot. 
b. Thep. 

Trong cau kien betong cot thep LTLT can dung thep cUdng do 
cao, bdi vl trong qua trinh che tao va sCf dung mot phan Cfng suat 
cang ban dau bi mat di. Tot nhat la dung soi thep cUdng do cao. 
NhUng vl dudng ki'nh soi thep qua be(3 - 8 mm) nen so lUOng thep 
trong cau kien kha nhieu, do do gay kho khan cho viec boo tri chung. 

Oe khac phuc nhUOc diem nay, ngUdi ta thudng dung bo ben day 
thCfng hoac cac bo soi khong ben (Hinh 7). Loai bo ben day thCfng, 
thudng dUOc che tao tCr cac soi co dudng kinh tCr 1,5 den 5 mm. Loai 
cac bo soi thep khong ben, thudng gom nhieu soi thep dat song song 
vdi nhau theo chu vi vong tron va tUa cac doan 16 so dat each nhau 
khoang mot met. So soi trong mot bo phu thuoc vao so chem tren 
ki'ch (moi chem giuduoc hai soi). NgUdi ta thudng dung bo co 12, 18 
va 24 soi. 



BTCT DUONG LUC 



TRONG KT-CT 





Hinh 7. Cac chepham soi thep 

a)Thep ben, b)B6 sgi khong ben, c)B6 sgi gom sau day thep ben, 

moi day bay sgi 
1- Sgi thep cp5, 2- sgi thep cplquan ngoai bo sgi, 3- Thanh ong ranh, 

4- cau kien. 

Ngoai ra, co the dung cot thep thanh co gd tCr nhom thep can 

nong loai A - IV va loai gia cong nhiet A T - IV trd len. 

Thong thifdng, khi chieu dai difdi 12m, nen dung cac loai thep 
thanh con khi chieu dai cau kien I6n hon 12 m thl nen dung cac soi 
thep cUdng do cao va day cap. 

Khi cau kien lam viec trong cac dieu kien dac biet nhu dudi ap 
lUc cda hoi, cac chat long, cda vat lieu hat thi nen dung cac soi thep 
cUdng do cao va cot thep thanh thuoc nhom A-V va A T -V trd len. 
3.2. Botrfva cau tao cot thep. 
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Hinh 8. Gia cokhu vifc neo. 

1- Bo soi thep, 2- L- di thep gia co, 3- Phan tang them KTTD d mien 

gan neo. 
Trong cau kien betong cot thep LTLT, viec bo tri cot thep hop ly 
de bao dam sir lam viec binh thifdng cua cau kien trong qua trinh che 
tao cung nhu khi sif dung la rat quan trong. 

a) 
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Hinh 9. Stf do dat cot thep ULT. 
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a) Bat cot cong, b) Bat cot thep phu de gia c- dng betong. 

Trong phUOng phap cang trU6c, khong dUOc phep dung sdi thep 
tron khong co gd hoac khong gia cong mat ngoai de lam cot thep ting 
life trU6c, vl trong nhieu trUdng hop, life dinh v6i betong cua soi tron 
tron to ra khong du. 

De dam bao sir tap trung ting suat, ngifdi ta con cau tao cac tarn 
thep difdi cac neo, hoac la uon cong cot thep de co the difa cot thep 
len phi'a tren cda cau kien (Hinh 9a). Tai cac cho uon cong cua cot 
thep, can dat them cac cot thep phu de gia cUdng (Hinh 9b). 

Trong cau kien betong cot thep LTLT, ngoai cac quy dinh tren 
ngUdi ta con phai lUu y den viec bo tri khoang each giUa cac cot thep 
va I6p betong bao ve chung. Trong phUOng phap cang trU6c, viec cau 
tao tUOng tu nhu doi v6i betong cot thep thudng (Hinh 10a). Trong 
phUOng phap cang sau, neu cot thep LTLT dUOc dat trong cac ranh thi 
chieu dai cua I6p betong bao ve ke tir mat ngoai cua cau kien den 
mat trong ranh lay khong nho hon 20 mm va khong nho hon nCfa 
dudng ki'nh ranh, con khi dudng ki'nh ranh I6n hdn 32 mm thl lay ft 
nhat bang dudng kinh ranh. Khi trong ranh dat mot so bo, hoac thanh 
cot thep (Hinh 10b) thi I6p bao ve lay khong nho hon 80 mm doi v6i 
cac thanh ben, khong nho hon 60 mm va nho hon mot nCra chieu rong 
ranh doi v6i cac mat day. 
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Hinh 10. Bo tricot thep trong tiet dien ngang. 

a- Trong ph- Ong phap cang tr- dc; b- Trong ph- Ong phap cang 

sau; 
1- cot thep Cfng li/c tr- dc; 2- cot thep doc th- dng; 3- cot dai 

th- dng. 

Khoang each giufa cac ranh khong difdc be hdn difdng ki'nh ranh 
va khong nho hdn 50 mm, cfong thdi phai chon sao cho viec cang cot 
thep difdc de dang va khong bi pha hoai cue bo khi buong cot thep. 
4 Cac ch? dan cd ban ve tinh toan cau kien BTCT l/LT. 

Giong nhif cau kien betong cot thep thudng, cau kien BTCT LTLT 
can phai dUdc tinh toan theo hai nhom trang thai gidi han. 

Khi tinh cau kien betong cot thep LTLT theo nhom trang thai gi6i 
han thuf nhat ngoai viec tinh theo cUdng do, theo on dinh (neu co kha 
nang mat on dinh), theo do moi (neu chiu tai trong dong), con can 
phai tinh toan kiem tra khi buong cot thep trong giai doan che tao va 
cUdng do chiu nen cue bo cua betong dudi cac thiet bi neo. 

Tinh toan theo nhom trang thai gi6i han thuf hai bao gom tinh 
toan kiem tra kha nang chong nutva bien dang cua cau kien. 

Viec tinh toan theo hai nhom trang thai gi6i han de co lien quan 
mat thiet den tri so Cfng suat trong cot thep va trong betong, cung nhu 
cac hao ton Cfng suat trong qua trinh che tao va sCf dung cau kien. 
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4.1 Trjsouftg suat trong cot thep va trong BT. 

Tri so Cfng suat trU6c cd ban cua cot thep LTLT la tri so gi6i nan o 
va a' trong cot thep cang trU6c F H va F' H (F H va P H tUdng ting dUdc 
dat trong mien keo va nen cua cau kien). Tri so nay diroc chon theo 
qui dinh cua qui pham. 

Khi cang cot thep bang phUOng phap CO hoc: 

Doi v6i thep thanh: 0,35R HC < a < 0,95R HC . 

(1) 

Doi v6i sdi thep cUdng do cao:0,25f? HC <o < 0,75R HC 
(2) 

Ngoai ra, de do kiem tra ting suat trong cot thep LTLT thdi diem 
ket thuc viec cang tren be, hoac tai vi tri dat lUc cang khi cang cot 
thep tren betong, ngUdi ta dUa vao khai niem Cfng suat khong che. 

Khi cang cot thep tren be: 

Tri so Cfng suat khong che lay bang tri so o va a' sau khi da ke 
den cac hao ton Cfng suat do bien dang cua neo (a neo ) va cua ma sat 

(Cms)- 

°HK = °"o " °"neo " °"ms> °o = °o" °neo" °ms' 

(3) 
Khi cang tren betong: 

o BK = o - n H a bH ; a' HK = a' - n H c' bH 

(4) 
Trong do a bH va a' bH - LTST trong betong d ngang mifc trong tarn 
cot thep F H va F' H (co ke den cac hao ton Cfng suat trU6c khi ep 
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betong); n H - ti so giufa modun dan hoi cua cot thep cang E H va 
modun dan hoi cua betong E b . n H = E H /E B . 

Trong thifc te, do sai so cua cac dung cu do, do nhieu nguyen 
nhan chUa dUOc xet den mot each chinh xac trong luc tinh toan v.v ... 
Oe xet den dieu do, ngUdi ta dUa vao he so do chinh xac khi cang cot 
thep m t . 

Lay m t bang 0,9 hoac bang 1,1 neu viec giam hoac tang ting 
suat trong cot thep la bat loi doi v6i ket cau. Lay m t bang 1 khi tinh 
toan cac hao ton LTST trong cot thep va khi tinh toan theo sU md rong 
khe nut, cung nhu khi tinh theo bien dang. 

06'i v6i betong de bien dang tCr bien va hao ton Cfng suat trong 
cot thep khong qua I6n, qui pham qui dinh ti so giUa Cfng suat nen 
trUdc o bH trong betong va cUdng do khoi vuong R cua betong luc 
buong cot thep khong dUOc I6n hon tri so gi6i nan cho trong bang 9. 1 . 

CUdng do khoi vuong R cua betong luc buong cot thep nen lay 
khong nho hon 0,8 Ian cUdng do khoi vuong thiet ke, va khong nho 
hdn 140 kG/cm 2 , con khi dung cot thep thanh loai A T - VI va day cap 
thi khong dUOc lay nho hon 200 kG/cm 2 . 

Bang . 1. Tri so gidi han cua ti so a bH /R 



Trang thai ting 
suat cua tiet dien 



Ti so c h JR n khi nen 



PhUOng phap 
cang 



Dung 
tarn 




Cmg suat nen tang 
khi ngoai lUc tac 



Cang trUdc 
Cang sau 



0,50 
0,45 
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dung 


Cang trUdc 


0,65 


0,75 


Cfng suat nen giam 


Cang sau 


0,55 


0,65 


khi ngoai life tac 








dung 









4.2 Si/ hao uhg suat trong cot thep uftg life tr 6c. 

Sau mot thdi gian, do rat nhieu nguyen nhan LTST trong cot thep 
bi giam di (tham chi bi triet tieu va hieu qua cua LTLT hoan toan bien 
mat). Do do viec danh gia day du chi'nh xac cac nguyen nhan gay 
hao ton ting suat trong cot thep LTLT la van de het stfe quan trong doi 
v6i viec thiet ke ket cau betong cot thep LTLT. 

Can cti vao nguyen nhan gay hao ton Cfng suat, ngUdi ta chia 
Cfng suat hao trong cot thep L/LT ra lam tarn loai CO ban dudi day. 

1 ) Do tinh chung Cfng suat cua cot thep 

Hien tUOng chung uTig suat la hien tUOng Cfng suat ban dau trong 
cot thep LTLT giam bdt theo thdi gian trong khi chieu dai cua cot thep 
van giu nguyen khong doi. 

Khi cang bang phUOng phap CO hoc, Cfng suat hao (kG/cm 2 ) 
dUOc tinh theo cong thufc sau: 

a rf ,=(0,22|^-0,l)a o 
Doi vdi soi thep cUdng do cao: K HC 



(5) 



a , = 0,1a - 200 



Doi vdi cot thep thanh: 

(6) 
Tri so a tinh bang kG/cm 2 va khong ke den cac hao ton Cfng 
suat. Khi tinh o ch . neu ra ket qua am, thi xem nhu o ch = 0. 
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2) Do si/ chenh lech nhiet do gitfa cot thep va thiet bi cang (o nh ) 
Cfng suat hao o nh xay ra khi betong dong cuTig trong dieu kien 

dUdc dU3ng ho nhiet, va dUdc tinh theo (7) 

o- nh =12,5Af, 
(7) 
trong do At - sir chenh lech nhiet do giufa cot thep va be cang tinh 
bang do bach phan. Khi khong du so lieu chinh xac co the lay At bang 
65°C. 

3) Do si/ bien dang cua neo va si/ ep sat cac tarn dem (o neo ) 

nao j ti 

(8) 
Trong do L - chieu dai cda cot thep cang, tinh bang mm (trong 
phUdng phap cang trUdc la khoang each giUa hai be cang, trong 
phUOng phap cang sau la chieu dai cda cot thep nam trong cau kien); 
A, - tong so bien dang cua ban than neo, cua khe hd tai neo, cua sU 
ep sat cac tarn dem v. v...; lay X theo so lieu thUc nghiem. Khi khong 
co so lieu thUc nghiem co the lay X = 2mm cho moi dau neo. 

4) Do si/ ma sat cua cot thep vdi thanh ong (o ms ) 

Trong phUOng phap cang sau, a ms dUOc tinh theo cong thufc 

f 1 ^ 



a =a, 



1 



li+|l9 



(9) 



Trong do e - cd so logarit tu nhien; k - he so xet den sU chenh 
lech vi tri dat ong so vdi vi tri thiet ke (bang 2); x - chieu dai doan ong 
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(tinh bang m) ke tirthiet bi cang day gan nhat t6i tiet dien tinh toan; \i 
- he so ma sat giufa cot thep va thanh ong (bang 2); - tong goc quay 
cua true cot thep, tinh bang radian. 

Trong phUOng phap cang trU6c, neu co thiet bi ga lap dac biet de 
tao do cong, thi o ms tinh theo cong thufc tren v6i x = va |i = 0,25. 
Bang .2. He so k va |i de xac dinh sU hao Cfng suat ma sat 



Loai ong ranh 


Tri so k 


Tri so |i kh 


cot thep la 


bo soi thep 


thanh co gd 


ong co be mat kirn 


0,003 


0,35 


0,40 


loai 








ong v6i be mat 
betong 



0,0015 


0,55 
0,55 


0,65 
0,65 


- Tao nen bang loi 








cifng 








- Tao nen bang loi 








mem 









5) Do tCrbien nhanh ban dau cua betong (a tbn ) 

Trong phUOng phap cang trUdc, ting suat hao nay xay ra ngay 
sau khi buong cot thep de ep betong. 06'i v6i betong kho cifng tu 
nhien: 



(10) 



a, =500^-*W^_<a 
R R 



■- 500-1 000b 






khi -^- >a 
R„ 



(11) 
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Trong do a, b - he so phu thuoc vao mac betong, v6i betong mac 
khong nho hon 300 thi a = 0,6 va b = 1,5; a bH co ke den cac ting suat 
hao: o ch ., o neo va o ms . 

6) Do co ngot cua betong (o co ) 

06'i v6i betong nang, dong cifng tir nhien, tri soa co lay theo bang 
3. 

Bang .3. Sir hao ting suat trong cot thep do co ngot cua 
betong, kG/cm 2 



Mac betong 


PhiTOng phap cang 


Cang trufdc 


Cang sau 


<M400 

M500 

>M600 


400 
500 
600 


300 
350 
500 



Trong phirong phap cang sau, o co co tri so be hon la vl trifdc khi 
buong cot thep, betong da co ngot diroc mot phan. Bien dang co ngot 
nay khong anh hifdng den sir hao Cfng suat trong cot thep. 

7) Do tCrbien cua betong (o bt ) 

Hao ton do tCr bien cua betong xay ra sau mot qua trinh chiu nen 
lau dai. 06'i v6i betong nang 



c lb „= 2000k- 



R 



khi *o 



< 0,6; 



(12) 



400k 



"in 
R, 



-0,3 



khi-^->0,6 
R, 
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trong do k = 1 doi v6i betong dong cifng tu nhien, /c = 0,85 doi v6i 
betong dudng ho nhiet; tri so a bH diroc lay bang a bH khi ti'nh ting suat 
hao do tir bien nhanh. 

8) Betong bj cot thep vdng, hoac cot thep xoan 6c ep lorn xuong 
(a e/ ) 

Cac cot thep LTLT ep lorn mat betong xuong, do do dudng kfnh 
vdng thep giam di, gay ra sir hao ting suat. 

Neu dudng kfnh cua cau kien < 3 m, Cfng suat hao lay bang a e/ = 
300 kG/cm 2 . 

Neu dudng kfnh cua cau kien >3m, Cfng suat nay khong dang ke, 
cd the bo qua. 

Ngoai cac Cfng suat hao CO ban tren day, trong mot so' trUdng 
hop con can phai ke den cac Cfng suat hao do bien dang cua khuon 
thep, do do ep sat cac khoi lap ghep, do ket cau chiu tai trong rung 
dong v.v... 

Cac Cfng suat hao dUOc chia thanh hai nhom: Cfng suat hao xay 
ra trong qua trinh che tao cau kien cung nhu khi ep betong a h1 va Cfng 
suat hao xay ra sau khi ket thuc ep betong a h2 . 

Trong phUOng phap cang trUdc: 

Trong phUOng phap cang sau: 

Trong tfnh toan, tong cac ling suat hao o h = o h1 + a h2 phai lay ft 

nhat bang 1000 kG/cm 2 . 

5 Cau kien chju keo trung tarn. 
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Cac cau kien thudng gap la thanh canh ha chiu keo cua dan, 
thanh keo cua vom, 6'ng dan co ap va be chifa tron v. v. . . 
5. 1 Cac giai doan cua trang thai utig suat. 

a. Cau kien cang tr- dc. 

Dae diem can chu y cua trang thai LTS - BD trong cau kien LTLT 
chiu keo trung tarn la giai doan I. Giai doan II va III nhu cau kien chiu 
keo trung tarn thong thudng (Hinh 11a). 

- Giai doan l{. 

Cot thep dat vao khuon nhUng chUa cang, Cfng suat trong cot 
thep bang khong. 

- Giai doan / 2 : 

Cot thep dUOc cang t6i Cfng suat khong che roi co dinh vao be, 
68 betong. 

- Giai doan l 3 : TrU6c khi betong dat t6i cUdng do R ol do hien 
tUOng chung Cfng suat trong cot thep, do chenh lech nhiet do giUa cot 
thep va thiet bi cang, se xay ra cac Cfng suat hao lam giam Cfng suat 
khong che o HK trong cot thep LTLT. 

- Giai doan l 4 : Khi betong dat cUdng do R Q thi buong cot thep de 
ep betong. Luc nay phat sinh bien dang tCr bien nhanh ban dau va 
xay ra Cfng xuat hao a tbn . Do do Cfng suat hao o h1 dat gia tri I6n nhat: 

<^hi = Gneo + o ms + a ch + a nh + a tbn . 
d giai doan nay, Cfng suat trong cot thep LTLT bang: c H = o - 
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Hinh 11. Cac frang fAia/ uftg suaf cua cai/ fr/en ULT chju keo 

trung tarn. 

a) Cau kien cang tr- dc, b) Cau kien cang sau. 

Cfng suat nen trifdc trong betong diroc tinh theo cong thufc: 

tf„, 



(13) 
Trong do: 



N 01 - (o - o h1 ) F H - a tbn F a 
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A/ o1 - life nen khi bat dau buong cot thep. F qd - dien tich betong 
quy doi. 

F qd = F b + n a F a + n H F H vdi n a = E a /E b ; n H = E H /E b 

- Giai doan l 5 : Theo thdi gian, do sir co ngot va tCr bien cua 
betong xay ra them ting suat hao a h2 . do do ting suat hao tong cong 
°"h = °"hi + °"h2 v 3 Lfng SLJ 3t trong cot thep LTLT bang: 

c H = c -c h -n H c bV 

- Giai doan / 6 : Tai trong tac dung gay them ting suat keo trong 
cot thep WLT. Khi ting suat nen trUdc trong betong bi triet tieu thi Cfng 
suat trong cot thep bang: 

- Giai doan l a . Tai trong tang len cho den khi ting suat keo trong 
betong dat tri so R K , khi cau kien sap sCfa bi nut ting suat trong cot 
thep Cfng lUc trUdc se la: 

o H = o -o h + 2n H R K 

- Giai doan II: Giai doan xuat hien khe nut. Luc nay toan bo lUc 
keo do cot thep chiu. Cfng suat keo trong cot thep LTLT tang len hoan 
toan giong nhu sU tang Cfng suat trong cau kien thong thudng khong 
co UST. 

- Giai doan III: Giai doan pha hoai. Khe nut md rong. Cfng suat 
trong cot thep dat tdi cUdng do gidi nan va xay ra sU pha hoai. 

Qua phan tich cac giai doan noi tren cua trang thai Cfng suat, co 
the thay viec gay LTLT chl nang cao kha nang chong nut cua cau kien, 
ma khong nang cao kha nang chiu lUc cua cau kien, vl sau khi khe 
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nut xuat hien, cau kien betong cot thep LTLT lam viec hoan toan giong 
nhif cau kien betong cot thep thong thifdng. 
b. Cau kien cang sau. 

Trong phirong phap cang sau, cac giai doan cua trang thai Cfng 
suat cung tUOng tu nhu trUdng hop cang trUdc. Chi khac trang thai 
Cfng suat tCr giai doan I, chuyen ngay sang giai doan l 4 ma khong qua 
cac giai doan l 2 va l 3 (Hinh 11b). 

- Giai doan /.,: Luon cot thep vao trong cau kien, nhUng chUa 
cang. 

- Giai doan / 4 : Cang cot thep dat t6i Cfng suat khong che: a HK = 

<^o - n H ^b 

_ _ (o -g„ l )f„ 
F 

Sau do cot thep dUOc neo lai. Luc nay, do bien dang cua neo va 
sU ep sat cac tarn dem, do ma sat giQa cot thep va thanh 6'ng nen xay 
ra Cfng suat hao o h1 = o neo + o ms ., lam giam Cfng suat trong cot thep 
JLT. 

c H = c -c h i- n h c b . 

TCr giai doan l 5 den luc pha hoai, trang thai Cfng suat trong betong 
va cot thep giong nhudoi v6i cau kien cang trUdc. 
5.2 Tinh toan cau kien chiu keo trung tarn. 
a. Tinh theo c- dng do (Giai doan sCtdung). 

Co sd dung de tinh toan theo cUdng do la giai doan III. 6" giai 
doan nay, xem toan bo tai trong deu do cot thep chiu, nen dieu kien 
ben se la: 



BTCT DUONG LUC 



(14) 
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N < R a F a + m H R H FH. 



trong do m H - he so ke den dieu kien lam viec cua cot thep cUdng 
do cao khi ting suat cua no cao hon gidi nan chay qui U6c va lay theo 
bang 4. 

Bang. 4. He so dieu kien lam viec cua cot thep cirdng do cao 
m„ 



Loai thep 


M H 


A-IV va A T -IV 


1,20 


A-V, A T -V va soi thep cUdng do 


1,15 


cao 


1,10 


A r VI 





b. Tinh khong cho phep nift. 

Co sd dung de tinh toan cau kien khong cho phep nut la giai 
doan l a cua trang thai Cfng suat. Dieu kien de dam bao cho cau kien 
khong hlnh thanh khe nut la: 

N £ R K (F b + 2n H F H + 2n a F a ) + N 02 
(15) 
N - lUc keo doc true. N o2 - lUc keo khi Cfng suat keo trong betong 
bi triet tieu. 

N o2 = (o - o h ) F H - o a F a 
(16) 

V6i a a = a tbn + a co + a tb , F b - dien ti'ch tiet dien betong. 
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Doi v6i cau kien doi hoi co tinh chong nut cap I va cap II thl N lay 
la tai trong tinh toan. Doi v6i cau kien co tinh chat chong nut cap III thi 
tinh toan de kiem tra xem co can thiet phai tinh toan theo sir md rong 
khe nut hay khong va N lay la tai trong tieu chuan. 

c. Tinh theo si/ md rgng khe nCft. 

N -N 2 
a =—^ ^ 

(17) 
a a la do tang Cfng suat trong cot thep, ke tCr luc Cfng suat nen 
trifdc trong betong triet tieu, cho den luc ket cau chiu tai trong tieu 
chuan N c . 

d. Tinh theo si/ khep kin khe nCft. 

Viec tinh toan kiem tra sU khep kin nut dUOc xuat phat tCf d/k: 
dam bao sao cho sau khi bi nut va tai trong tarn thdi ngan nan da qua 
di thi dudi tac dung cua Cfng suat trUdc trong cot thep, khe nut phai 
dUOc khep kin lai. 

Dieu kien: 

Tai th6 ngoai cung d mien chiu keo cua cau kien can phai ton tai 
Cfng suat nen trUdc a b khong nho hon 10 kG/cm 2 khi cau kien chi co 
tai trong tinh va tai trong dai han tac dung. 

Va: o o2 + a a < kR HC 

(18) 

a o2 - Cfng suat trong cot thep LTLT sau khi da ke den tat ca cac 
Cfng suat hao; o a - do tang Cfng suat trong cot thep, tinh theo (17); k - 
he so lay bang 0,65 doi v6i soi thep, va bang 0,8 doi v6i thep thanh. 
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e. Kiem tra c- dng do cau kien d giai doan che tao. 

Khi buong cot thep ting life trUdc, cau kien co the bi ep hong, cho 
nen can phai kiem tra cUdng do cua cau kien d giai doan nay (giai 
doan l 4 ) theo cong thufc 

N H < R n F + R' a F' a 
(19) 
Trong do A/ H - lUc nen betong khi buong cot thep. 
Boi v6i cau kien cang trUdc. N H = (1,1o - 3000)F H 

(20) 
06'i v6i cau kien cang sau: N H = 1,1 (o - n H a b )F H . 

(21) 
R n l - cUdng do chiu nen cua betong d ngay thuf t (luc buong cot 
thep) nhan v6i he so dieu kien lam viec cua betong m b . Lay m b = 1,1 
doi v6i soi thep, m b = 1,2 doi v6i thep thanh. 
6 Cau kien chju uon. 

.6.1 Cac giai doan cua trang thai ung suai. 
a. Cau kien cang tr- dc. 

Cung giong nhu cau kien chiu keo trung tarn, giai doan I dUOc 
chia lam sau giai doan trung gian, con cac giai doan khac tUOng tir 
nhu trong cau kien chiu uon thong thUOng (Hlnh 12) 

- Giai doan /,: Oat cot thep F H va P H vao khuon. 

- Giai doan l 2 : Cang cot thep ben du6i F H va cot thep ben P H t6i 
Cfng suat khong che a HK va a' HK (thong thudng a HK = a' HK ) roi co dinh 
cot thep vao be, tien hanh do betong. 
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Hinh 12. Su'thay doi ring suat cua cau kien ULTchiu udn (C/k 

cang tr 6c). 

a) Tr- dc khi dat tai trgng sCt dung, b) Sau khi dat tai trgng sCt dung. 

- Giai doan l 3 : Trifdc khi betong dat den cUdng do R , luc nay 
phat sinh cac ting suat hao a ch va a nh (neu betong diroc dong cuTig 
trong dieu kien dU3ng ho nhiet). 



0~u — (Juk _ 0„h " 0~ n h- 



HK u ch 



>nh- 



«-' — «-' >~-' ^-' 

H -0 H K-O c h-0 



nh> 



- Giai doan / 4 : Khi betong dat cUdng do R , bat dau buong cot 
thep. Do cot thep F H va F' H khong bang nhau (F H > F' H ) nen cau kien 
bi ep lech tarn va vong len phi'a tren. Trong giai doan nay phat sinh 
them Cfng suat hao o tbn . Do do Cfng suat hao dat gia tri o m . 

- Giai doan l 5 : Theo thdi gian xay ra cac Cfng suat hao do co ngot 
(a co ) va tir bie'n (a tb ) cua betong. 
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- Giai doan / 6 : Tai trong tac dung, lam tang ting suat keo trong 
cot thep F H va lam giam Cfng suat keo trong cot thep F' H . Khi Cfng suat 
nen trUdc cua th6 betong d ngang vi th trong tarn cot thep F H bi triet 
tieu thi Cfng suat trong cot thep F H la a - a h . 

- Giai doan l a . Cfng suat trong mien betong chiu keo dat cUdng do 
gidi han R K , betong sap sCfa nut, Cfng suat trong co't thep F H la o - o h 
+ 2n H R K . Giai doan nay la CO sd dung de ti'nh toan cau kien khong 
cho phep hinh thanh khe nut. 

- Giai doan II: Khe nut xuat hien d mien betong chiu keo. Tat ca 
noi lUc keo deu do cot thep chiu, nhUng Cfng suat cua cot thep chiu 
keo cung nhu cua betong chiu nen deu chUa dat tdi tri so gidi han. 

- Giai doan III: Khe nut md rong, Cfng suat trong cot thep chiu keo 
va cua betong chiu nen deu dat tdi tri so' gidi han, cau kien bi pha 
hoai. 

Trong giai doan nay, khi Cfng suat nen cua betong dat tdi tri so' 
gidi han thi Cfng suat trong co't thep F' H la 

o' H = R' H - m, (a' - a' h ) 
(22) 

Tri so' o' H cd the dUOng (Cfng suat nen) hoac am (Cfng suat keo). 
Nen thiet ke sao cho a' H mang da'u dUOng vi trong trUdng hop a' H 
mang da'u am thi sU cd mat cua F H lam giam kha nang chiu lUc cua 
cau kien LTLT. 
b. Cau kien cang sau. 
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6" cau kien cang sau, trang thai ting suat tCr giai doan l 1 chuyen 
ngay sang giai doan l 4 . Sau do cac giai doan cua trang thai Cfng suat 
ke tiep nhau xay ra nhu trong cau kien cang trUdc. 
6.2 Tinh to an cau kien chiu uon. 
a. Tinh theo c- dng do tren tiet dien thing goc. 

Cach tinh toan tUOng tu nhu cau kien betong cot thep thudng, chi 
khac la d cac cong thufc CO ban co them thanh phan cot thep Cfng lUc 
trUdc. 06'i v6i tiet dien chu T true trung hoa di qua sUdn (Hinh 13), 
dieu kien cUdng do la: 

M < R n bx (h - 0,5x) + R n (b' c -b)h' c (h - 0,5h' c ) 

+ R' a F' a (h - a') + o-hF'h (h - a' H ) 
(23) 
Chieu cao vung chiu nen x dUOc xac dinh tCr cong thifc: 

R n [bx + (b' c -b)h'J = m H R H F H + R a F a - a' H F H = R a F, a 
(24) 
Trong doa' H - Cfng suat trong cot thep F' H dUOc xac dinh theo 
(22); m H - he so ke den dieu kien lam viec cua cot thep cUdng do cao 
khi Cfng suat cao hon gidi han chay qui U6c; m H - dUOc xac dinh theo 
tieu chuan thiet ke. 
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Hinh 13 . So do tinh tiet dien chtfT, canh nam trong vung nen, 
true trung hoa qua s dn. 

b. Tinh theo c- dng do tren tiet dien nghieng. 

Oe chiu IlTc tren tiet dien nghieng trong cau kien LTLT chiu uon 
ngoai cot doc, cot xien va cot dai thifdng con co cot doc va cot ngang 
Cfng life trifdc (Hinh 14). Viec tinh toan cufdng do tren tiet dien nghieng 
chiu cat diroc tien hanh tirong tir nhir cau kien chiu uon thong thudng. 

Q < Q b + ER ad F d +ER ad F x sina + ER Hd F Hd + ER H dF H x sina 
(25) 
trong do Q b - kha nang chiu cat betong; R a3 , R m - cUdng do tinh 
toan ve cat cua cot thep thudng va cot thep LTLT. 
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Hinh 14 . So do tinh toan ngi life tren tiet dien nghieng. 

c. Tinh c- dng do cau kien d giai doan che tao. 
Tfnh toan cau kien 6" giai doan che tao bao gom: 

- Kiem tra theo dieu kien ve ting suat nen gidi han cua betong 
(bang 1) luc bat dau buong cot thep. 

- Kiem tra sir lam viec tong the cua cau kien d ngoai giai doan 
che tao. Viec kiem tra dUOc tien hanh nhu cau kien chiu nen lech tarn 
thudng ma ngoai lUc la lUc nen do cot thep LTLT gay ra. 

- Kiem tra ve viec chiu lUc cue bo cua betong d khu vUc neo. Neu 
kha nang chiu lUc cua mien betong dudi neo khong du thi phai gia 
cUdng bang cac ludi cot thep hoac dem thep. 

d. Tinh toan khong cho phep nCft. 

Oe dam bao cho cau kien khong hinh thanh khe nut tren tiet dien 
thing goc thi phai thoa man dieu kien 
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M<M n 
(26) 
M - momen uon do ngoai life gay ra. Ooi v6i cau kien co ti'nh chat 
chong nuft cap I va II thi M la momen tinh toan; doi v6i cau kien co 
ti'nh chat chong nut cap III thi M la momen tieu chuan; M n - momen 
ma cau kien chiu dUOc ngay trifdc khi hinh thanh khe nut. Co sd dung 
de tinh M n la giai doan l a cua trang thai ting suat bien dang. 

M n = R k W n + M L 
(27) 

R k W n la momen chong nut cua cau kien betong cot thep 
thudng. Momen chong nut cua cau kien LTLT dUOc tang len nhd M L , 
do do co the dieu chinh lUc cang de cau kien khong bi nut. 
e. Tinh toan theo si/md rgng va khep kin khe nCrt 

Viec tinh toan theo sU md rong va khep kin khe nut dUOc tien 
hanh tUOng tu nhu cau kien chiu uon thong thudng va cau kien LTLT 
chiu keo trung tarn. Chi khac do tang ting suat trong cot thep a a dUOc 
ti'nh theo cong thufc: 

o _ M c -N 02 (Z l -e H ) 
(F a +F H )Z t 

(28) 
Z 1 - khoang each giUa hop lUc vung chiu nen va hop lUc vung 
chiu keo; N o2 - lUc nen trUdc betong d giai doan sCf dung; e H - khoang 
each tCr diem dat cua lUc N o2 den true di qua trong tarn dien ti'ch cot 
thep chiu keo. 



BTCT DUONG LUC 



TRONG KT-CT 




2- 



Ml = 

No2(e,o + ri) 



Hinh 15. Sa do lub de xac djnh M n 

f. Tinh toan kiem tra do vong. 

Viec tinh toan kiem tra do vong dUOc tie'n hanh phu thuoc vao 
tinh chat chong nut cua cau kien. 

Ooi v6i cau kien khong cho phep nut, khi tinh do vong ngifdi 
ta xem cau kien nhu" vat the dan hoi va dung cac cong thufc da neu 
trong mon CO hoc ket cau de tinh toan. 

Ooi v6i cau kien co khe nut d vung keo, each tinh do vong 
tUOng tu nhu each tinh doi v6i cau kien chiu uon thong thudng, chl 
khac la trong cac cong thufc co them mot vai so hang de ke den 
tac dung cua cot thep LTLT. 



Theo tieu chuan md\ nhai ma bo xay dung md\ ban hanh 

TCXDVN 356 : 2005 "Ket cau be tong va be tong cot thep - Tieu 

chuan thiet ke" 



TCXDVN 356 : 2005 thay the cho TCVN 5574 : 1991 

-Nhung yeu cau bo sung khi thiet ke ket cau be tong cot thep urng suait 
trirdc 

1/ Gia tri cua Cfng suat trUdc a sp va a' sp tUOng Cfng trong cot thep cang 

S va s' can dUOc chon v6i do sai lech p sao cho thoa man cac dieu 

kien sau day: 
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cJc')-p>0,3R s 



trong do: p tinh bang MPa, dUOc xac dinh nhu sau: 
- trong trUdng hop cang bang phirong phap CO hoc: p = 



0,05o 



sp ' 



- trong trifdng hop cang bang phiTOng phap nhiet dien va CO 
nhiet dien: 

360 
p = 30 + — 

/ 
v6i / - chieu dai thanh cot thep cang (khoang each giufa cac 
mep ngoai cua be), mm. 

Trong trifdng hop cang bang thiet bi difOc tif dong hda, gia tri 
tif so' 360 trong cong thifc (2) difOc thay bang 90. 

2/ Gia tri ifng suat a conl va a' conl tifOng ifng trong co't thep cang s va* 

5"difOc kiem soat sau khi cang tren be lay tifOng ifng bang a sp va a' sp 

(xem dieu 4.3.1) trif di hao ton do bien dang neo va ma sat cua co't 
thep (xem dieu 4.3.3). 

Gia tri ifng suat trong co't thep cang s va s"dUOc khdng che tai 
vi tri dat life keo khi cang cot thep tren be tong da ran chac 
dUOc lay tUOng ifng bang a con2 va a' con2 , trong do cac gia tri 

a con2 va a' con2 dUOc xac dinh tif dieu kien dam bao ifng suat 

c sp va a' sp trong tiet dien tinh toan. Khi do c con2 va c' con2 dUOc 

tinh theo cong thifc: 



(1) 



(2) 
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a con2~ a sp a 



p p e o P y sp 



red 



red 



(3) 



on 2 



Trong cac cong thifc (3) va (4): 
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® sp > ® sp 



- xac dinh khong ke den hao ton ting suat; 

p, e 0p - xac dinh theo cong thufc (8) va (9), trong do cac gia 
tri c sp va c' sp co ke den nhCfng hao ton ting suat thuf 
nhat; 

y sp , y' sp -xemdieu 4.3.6; 

U=E S /E b . 

Cfng suat trong cot thep cua ket cau tu ifng life dUOc tinh toan 
tCrdieu kien can bang v6i Cfng suat (tu gay ra) trong be tong. 

Cfng suat tu gay cua be tong trong ket cau dUOc xac dinh tCf 
mac be tong theo kha nang tu gay Cfng suat s p co ke den ham 

lUOng cot thep, sU phan bo cot thep trong be tong (theo mot 
true, hai true, ba true), cung nhu trong cac trUdng hop can thiet 
can ke den hao ton Cfng suat do co ngot, tir bien cua be tong 
khi ket cau chiu tai trong. 

chu thich: Trong cac ket cau lam tir be tong nhe co cap tCr B7,5 
den B12,5, cac gia tri o ra „ 2 va o' con2 khong dude vUOt qua cac 
gia tri tuong Crng la 400 MPa va 550 MPa. 

3/ Khi tinh toan cau kien Cfng lUc trUdc, can ke den hao ton Cfng suat* 

trUdc trong cot thep khi cang: 

- Khi cang tren be can ke den: 

+ nhUng hao ton thuf nhat: do bien dang neo, do ma sat cot 
thep vdi thiet bi nan hu6ng, do chung Cfng suat trong cot 
thep, do thay doi nhiet do, do bien dang khuon (khi cang 
cot thep tren khuon), do tir bien nhanh cua be tong. 

+ nhUng hao ton thuf hai: do co ngot va tuf bien cua be 
tong: 

- Khi cang tren be tong can ke den: 
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+ nhCfng hao ton thuf nhat: do bie'n dang neo, do ma sat cot 
thep v6i thanh 6'ng dat thep (cap) hoac v6i be mat be 
tong cua ket cau. 

+ nhCfng hao ton thuf hai: do chung Cfng suat trong cot thep, 
do co ngot va tuf bien cua be tong, do nen cue bo cua 
cac vong cot thep len be mat be tong, do bien dang moi 
noi giufa cac khoi be tong (doi v6i cac ket cau lap ghep tuf 
cac khoi). 

Hao ton Cfng suat trong cot thep difdc xac dinh theo bang 6 
nhifng tong gia tri cac hao ton Cfng suat khong difdc lay nho 
hdn 100 MPa. 

Khi ti'nh toan cau kien tu* Cfng lute chi ke den hao ton Cfng suat do 
co ngot va tir bien cua be tong tuy theo mac be tong tu* Cfng life 
trifdc va do am cua moi trifdng. 

Doi v6i cac ket cau tu* Cfng life lam viec trong dieu kien bao hoa 
nifdc, khong can ke den hao ton Cfng suat do co ngot. 



Bang 6 - Hao ton umg suat 



Cacyeu to gay 

hao ton 
umg suat trurdc 
trong cot thep 


Gia trj hao ton umg suat, MPa 


khi cang tren be 


khi cang tren be 
tong 


A. NhCfng hao ton thuf nhat 


1. Chung Crng suat 
trong cot thep 

• khi cang bang 
phifdng phap cd 
hoc 
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a) doi v6i thep 
sdi 




0,22 p 0,1 

p 

s,ser , 


a » 


_ 


b) doi vdi thep 
thanh 


O,lo j;j -20 


- 


• khi cang bang 






phifdng phap 






nhiet dien hay 






co" nhiet dien 






a) doi vdi thep 


0,05a .„ 




sdi 






b) doi vdi thep 


0,03 a s „ 




thanh 


d day: c sp , MPa, diTdc 

lay khong ke den hao 
ton Cfng suat. Neu gia 
tri hao ton tinh difdc 
mang dau "tru"' thi lay 
gia tri bang 0. 
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Bang 6 - Hao ton ting suat (tiep theo) 



Cac yeu to gay 

hao ton 
ting suat trurdc 


Gia tr| hao ton tine 


suat, MPa 


khi cang tren be 


khi cang tren be 


trong cot thep 




tong 


2. Chenh lech 


Ooi v6i be tong cap tCr 




nhiet do giufa cot 


B 15 den B40: 


— 


thep cang trong 


1,25 At 




vung bi nung 
nong va thiet bi 


Ooi v6i be tong cap B45 
va I6n hdn: 


- 


nhan life cang 
khi be tong bi 
nong 


1,0 a? 
trong do: At- chenh lech 
nhiet do giufa cot thep 
difdc nung nong va be 
cang co dinh (ngoai vung 
nung nong) nhan life 
cang, °C. Khi thieu so lieu 
chi'nh xac lay Af=65°C. 
Khi cang cot thep trong 
qua trlnh gia nhiet t6i trj 
so du de bu cho hao ton 
Cfng suat do chenh lech 
nhiet do, thi hao ton ting 
suat do chenh lech nhiet 
do lay bang 0. 




3. Bie'n dang 


^ s 


A/i + A/ 2£ 


cua neo dat 6" 


/ 


/ 


thiet bi cang 
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trong do: A/ - bien dang 
cua cac vong dem bi ep, 
cac dau neo bi ep cue bo, 
lay bang 2 mm; khi co sir 
trUOt giufa cac thanh cot 
thep trong thiet bi kep 
dung nhieu Ian, A/ xac 
dinh theo cong thifc: 

M= 1,25 + 0,15rf 
vdi d- dudng kinh thanh 
cot thep, mm; 



l - chieu dai cot thep 
cang (khoang each giUa 
mep ngoai cua cac goi 
tren be cua khuon hoac 
thiet bi), mm. 

Khi cang bang nhiet dien, 
hao ton do bien dang neo 
khong ke den trong ti'nh 
toan vl chung da dUOc ke 
den khi xac dinh do gian 
dai toan phan cua cot 
thep 



trong do: ai { - 
bien dang cua 
ecu hay cac ban 
dem giCfa cac neo 
va be tong, lay 
bang 1 mm; 

M 2 - bien dang 
cua neo hinh coc, 
ecu neo, lay bang 
1 mm. 
/ - chieu dai cot 



thep cang (mot 
soi), hoac cau 
kien, mm. 
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Bang 6 - Hao ton ting suit (tiep theo) 



Cac yeu to gay 

hao ton 
ting suat trong 

cot thep 



Gia trj hao ton ting suat, MPa 



khi cang tren be 



khi cang tren be 
tong 



4. Ma sat cua 
cot thep 

a) v6i thanh 
ong ranh hay 
be mat be tong 



b) v6i thiet bi 
nan hifdng 



„89 



trong do: e - CO so 
logarit ti/nhien; 

5 - he so, lay bang 



sp 



tox+56 



trong do: e-co so 
logarit tirnhien; 

8 , go - he so, xac 
dinh theo bang 7; 

X - chieu dai ti'nh 
tCr thiet bi cang den 
tiet dien ti'nh toan, 
m; 

e - tong goc 
chuyen hi/dng cua 
true cot thep, 
radian; 

a sp -dUOc lay 

khong ke den hao 
ton Cfng suat. 
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0,25; 

9 - tong goc chuyen 

hutfng cua true cot thep, 

radian; 

a sp - difdc lay khong ke 

den hao ton Cfng suat. 




5. Bien dang 
cua khuon thep 
khi che tao ket 
cau be tong cot 
thep Cfng life 
trutfc 


■n — E s 

i s 

trong do: r)- he so, lay 
bang: 

+ r| - n ~ , khi cang cot 

2n 

thep bang kich; 
+ ri ="~ , khi cang cot 

An 

thep bang phifdng 
phap cd nhiet dien suf 
dung may tdi (50% life 
do tai trong cua vat 
nang). 


- 
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Bang 6 - Hao ton urng suat (tiep theo) 



Cac yeu to gay 

hao ton 
urng suat trong 

cot thep 


Gia trj hao ton urng suat, MPa 


khi cang tren be 


khi cang tren 
be tong 




n- so nhom cot thep dircc 
cang khong dong thdi. 

a/ - do dich lai gan nhau cua 
cac goi tren be theo phirong 
tac dung cua life p , diroc xac 
dinh tCr tinh toan bien dang 
khuon. 

/- khoang each giufa cac 
mep ngoai cua cac goi tren 
be cang. 

Khi thieu cac so lieu ve cong 
nghe che tao va ket cau 
khuon, hao ton do bien dang 
khuon lay bang 30 MPa. 

Khi cang bang nhiet dien, 
hao ton do bien dang khuon 
trong tinh toan khong ke den 
vi chung da diroc ke den khi 
xac dinh do gian dai toan 
phan cua cot thep. 




6. TCr bien 
nhanh cua be 
tong 
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a) Boi v6i be 
tong dong ran 
tirnhien 



b) Boi vdi be 
tong diroc 

difSng ho nhiet 



40 



R 



'b P khj b P 



b P 



c 
R 



<a 



b P 



40a + 85(3 



R 



•bp_ 
b P 



khi °^ 

R b P 



> a 



trong do a va (3 - he so, lay 

nhifsau: 

a =0,25 + 0,025 R bp , nhi/ng 

khong I6n hon 0,8; 

P =5,25- 0,185^, nhung 

khong I6n hon 2,5 va khong 
nho hon 1,1; 

a bp - duroc xac dinh tai mCfc 

trong tarn cot thep doc s va 
s', co ke den hao ton theo 
muc 1 den 5 trong bang nay. 
Boi vdi be tong nhe, khi 
cifdng do tai thdi diem bat 
dau gay Cfng life trifdc bang 
1 1 MPa hay nho hon thi thay 
he so 40 thanh 60. 

Hao ton tinh theo cong thufc d 
muc 6a cua bang nay, sau 
do nhan vdi he so 0,85. 
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Bang 6 - Hao ton ting suit (tiep theo) 



Cac yeu to gay hao 


Gia trj hao ton ting suat, MPa 


ton 

ting suat trong cot 

thep 


khi cang tren be 


khi cang tren be 
tong 


B. Nhting hao ton thti hai 


7. Chung Cfng suat 






trong cot thep 






a) Boi v6i thep sdi 


— 




0,22 ' 0,1 

s,ser j 


Gsp 


b) 06'i v6i thep 


- 


0,1a „. -20 


thanh 




(xem chu giai cho 

muc 1 trong bang 

nay) 


8. Co ngot cda be 


Be tong 


Be tong dUdc dUSng 


Khong phu thuoc 


tong (xem dieu 


dong ran 


ho nhiet trong dieu 


dieu kien dong ran 


4.3.4) 


tUnhien 


kien ap suat 


cua 






khi quyen 


be tong 


Be 


a) B35 va 


40 


35 


30 


tong 
nang 


thap hdn 








b)B40 


50 


40 


35 


c) B45 va Idn 


60 


50 


40 




hdn 








Be 


d) nhom A 


Hao ton dUdc xac dinh theo 


40 


tong 




muc 8a, b 




hat 




trong bang nay va nhan v6i he 




nho 




sol ,3 
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e) nhom B 


Hao ton difdc xac dinh theo 
muc 8a 
trong bang nay va nhan v6i he 
sol ,5 


50 


f) nhom C 


Hao ton difdc xac dinh theo 
muc 8a 

trong bang nay nhir doi v6i be 
tong nang dong ran tir nhien 


40 


Be 

tong 

nhe 

CO 

cot 
lieu 
nho 


g) loai dac 
chac 


50 


45 


40 


h) loai co lo 
rong 


70 


60 


50 


9. TCr bien cua be 
tong (xem dieu 
4.3.4) 

a) Ooi v6i be tong 
nang va be tong nhe 
co cot lieu nho dac 
chac. 


I50aa bp /R bp khi c bp /R bp <0,75] 
300a {o bp /R bp -0,375) khi o bp /R bp >0,75 , 

trong do: a bp - lay nhird muc 6 trong bang nay; 

a - he so, lay nhif sau: 

+ v6i be tong dong ran tif nhien, lay a = 1; 

+ vdi be tong difdc difSng ho nhiet trong dieu kien 

ap suat khi quyen, lay a = 0,85. 
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Bang 6 - Hao ton ting suit (ket thuc) 



Cac yeii to gay hao 


Gia tr| hao ton ting suat, MPa 


ton 
ting suat trong cot 


khi cang tren be 


khi cang tren be tong 


thep 






b) Be tong 


nhom A 


Hao ton dUOc ti'nh theo cong thufc b muc 9a 


hat nho 




trong bang nay, sau do nhan ket qua v6i he so 
1,3 


nhom B 


Hao ton dUOc tinh theo cong thufc b muc 9a 






trong bang nay, sau do nhan ket qua v6i he so 






1,5 


nhom C 


Hao ton dUOc tinh theo cong thufc b muc 9a 






trong bang nay 






khi a = 0,85 


c) Be tong nhe dung 


Hao ton dUOc tinh theo cong thufc b muc 9a 


cot lieu nho rong 


trong bang nay, sau do nhan ket qua v6i he so 




1,2 


10. ep cue bo be mat 


- 


70 - 0,22 d ext 


be tong do cot thep co 
dang dai xoan hay 
dang dai tron (khi ket 
cau co dudng kinh nho 




trong do: d ext - dudng 
kinh ngoai cda ket cau, 
cm 


hon 3 m) 






11. Bie'n dang nen do 


- 


n — E, 


khe noi giCfa cac bloc 




I s 


(doi v6i ket cau lap 




trong do: « - so lUOng 


ghep tifcac bloc). 




khe noi giufa ket cau va 
thiet bi khac theo chieu 
dai cua cot thep cang; 
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A/ - bien dang ep sat 
tai moi khe: 

+ vdi khe dUdc nhoi 
be tong, lay A/ = 
0,3 mm; 

+ v6i khe ghep true 
tie'p, lay 

A/ = 0,5 mm; 
/ - chieu dai cot thep 
cang, mm. 



Ghi chu: 

1. Hao ton uTig suat trong cot thep cang s' dUdc xac dinh giong nhtf 
trong cot thep s ; 

2. Boi v6i ket cau be tong cot thep tif ting life, hao ton do co ngot va tCr 
bien cua be tong diroc xac dinh theo so lieu thifc nghiem. 

3. Ky hieu cap do ben cua be tong xem dieu 5.1.1. 
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4/ Khi xac dinh hao ton ting suat do co ngot va tCr bien cua be tong 
theo muc 8 va 9 trong bang 6 can lUu y: 

a) Khi biet trUdc thdi han chat tai len ket cau, hao ton ting suat 
can dUOc nhan them vdi he so cp,, xac dinh theo cong thufc 
sau: 

4f 

cp,= 

100 + 3? 

trong do: t - thdi gian tinh bang ngay, xac dinh nhu sau: 

- khi xac dinh hao ton ting suat do tCr bien: tinh tCr ngay nen 
ep be tong; 

- khi xac dinh hao ton ting suat do co ngot: tinh tCr ngay ket 
thuc do be tong. 



(5) 
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b) 06'i v6i ket cau lam viec trong dieu kien co do am khong khi 
thap hdn 40%, hao ton uTig suat can difdc tang len 25%. 
Trifdng hdp cac ket cau lam tir be tong nang, be tong hat 
nho, lam viec trong vung khi hau nong va khong difdc bao 
ve tranh but xa mat trdi hao ton ting suat can tinh tang len 
50%. 

c) Neu biet ro loai xi mang, thanh phan be tong, dieu kien che 
tao va sCf dung ket cau, cho phep sif dung cac phifdng phap 
chinh xac hdn de xac dinh hao ton Cfng suat khi phufdng 
phap do difdc chifng minh la co cd sd theo qui dinh hien 
hanh. 



Bang 7 - Cac he so de xac dmh hao ton ting suat do ma 

sat cot thep 



ong ranh hay be 
mat tiep xuc 


Cac he so de xac dmh hao ton do ma sat cot thep 
(xem muc 4, Bang 6) 


(0 


5 khi cot thep la 


bo thep hay soi 
thep 


thanh co gd 


ILoaiongranh 

- co be mat kim 
loai 

- co be mat be 
tong tao bdi khuon 
bang loi cufng 

- co be mat be 
tong tao bdi khuon 
bang loi mem 


0,0030 


0,0015 


0,35 

0,55 
0,55 


0,40 

0,65 
0,65 


2. Be mat be tong 





0,55 


0,65 
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5/ Tri so Cfng suat trU6c trong cot thep dUa vao tinh toan can nhan* 
v6i he so do chinh xac khi cang cot thep y sp : 

lsp= 1 ±&l S p 

Trong cong thufc (6), lay dau "cong" khi co anh hudng bat loi 
cua Cfng suat trUdc (tufc la trong giai doan lam viec cu the 
cua ket cau hoac mot bo phan dang xet cda cau kien, Cfng 
suat trUdc lam giam kha nang chiu life thuc day sif hinh 
thanh vet nut, v.v...); lay dau "tru" khi co anh hudng co loi. 

Trong trUdng hop tao Cfng suat trUdc bang phUOng phap co hoc, 
gia tri Ay SJ5 lay bang 0,1; khi cang bang phUOng phap nhiet dien 

va co nhiet dien Ay sp dUOc xac dinh bang cong thufc: 



Ay 



sp 



:0,5- 



■sp 



1 + 



nhUng lay khong nho hon 0,1 ; 

trong cong thufc (7): 

p , a sp -xem dieu 4.3.1; 

n p - so lUOng thanh cot thep cang trong tiet dien cau kien. 

Khi xac dinh hao ton Cfng suat trong cot thep, cung nhu khi tinh 
toan theo dieu kien md rong vet nut va tinh toan theo bien 
dang cho phep lay gia tri Ay bang khong. 

6/ ufng suat trong be tong va cot thep, cung nhu life nen trUdc trong* 
be tong dung de tinh toan ket cau be tong Cfng life trUdc dUOc xac 
dinh theo chl dan sau: 

Cfng suat trong tiet dien thang goc v6i true doc cau kien dUOc 
xac dinh theo cac nguyen tac tinh toan vat lieu dan hoi. Trong 
do, tiet dien tinh toan la tiet dien tUOng dUOng bao gom tiet 
dien be tong co ke den sif giam yeu do cac 6'ng, ranh va dien 
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(7) 
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ti'ch tiet dien cac cot thep doc (cang va khong cang) nhan v6i 
he so a la ti so giufa mo dun dan hoi cua cot thep e s va be 
tong E b . Khi tren tiet dien co be tong v6i nhieu loai va cap do 
ben khac nhau, thi phai quy doi ve mot loai hoac mot cap difa 
tren ti le mo dun dan hoi cua chung. 

Cfng lUc nen trUdc p va do lech tarn cua no e 0p so v6i trong 
tarn cua tiet dien quy doi dUOc xac dinh theo cac cong thufc: 

^ sp sp jsd *-' 5 s y s ^ sp sp y sp ^ 5 s ys 



e 0p 

r 

trong do: 

c s va c' s - tUOng Cfng la Cfng suat trong cot thep khong cang s 

va s' gay nen do co ngot va tCr bien trong be tong; 

y sp » y' S p i y s > y' s - tirong Cfng la cac khoang each tCr trong tarn 

tiet dien quy doi den cac diem dat hop lUc cua noi lUc trong cot 

thep cang s va khong cang s' (Hinh 1). 



i; — j, 



diidng di qua trong tarn 
tiet dien quy doi 



(8) 
(9) 



Hinh 1 - So do lire nen trirdc trong cot thep tren 
tiet dien ngang cua cau kien be tong cot thep 

Trong trUdng hop cot thep cang co dang cong, cac gia tri o 



sp 



va o' can nhan v6i cos9 va cos9', v6i e va e' tUOng Cfng la 
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TRONG KT-CT 



goc nghieng cua true cot thep v6i true doc cau kien (tai tiet 
dien dang xet). 

Cac Cfng suat a sp va a' sp dUOc lay nhUsau: 

a) Trong giai doan nen trUdc be tong: co ke den cac hao ton 
thur nhat. 

b) Trong doan sCf dung: co ke den cac hao ton thuf nhat va thuf 
hai 

Gia tri cac Cfng suat o s va a' s lay nhUsau: 

c) Trong giai doan nen trUdc be tong: lay bang hao ton ufng 
suat do tCr bien nhanh theo muc 6 bang 6. 

d) Trong giai doan sCf dung: lay bang tong cac hao ton ung 
suat do co ngot va tCr bien cua be tong theo muc 6, 8 va 9 
bang 6. 

7 / Cfng suat nen trong be tong a bp trong giai doan nen trU6c be tong* 

phai thoa man dieu kien: ty so c bp /R bp khong dUOc vUOt qua gia tri 

cho trong Bang 8. 

Cfng suat a bp xac dinh tai mifc th6 chiu nen ngoai cung cua be 

tong co ke den hao ton theo muc 1 den 6 bang 6 va v6i he so 
do chinh xac khi cang cot thep y sp = l . 

Bang 8 - Ty so giufa umg suat nen trong be tong a bp d giai 

doan nen trtfdc va 

cirdng do cua be tong R bp khi bat dau chju ufng lire trUdc 

(<Sb P /Rbp) 
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Trang thai ufng suat 
cua tiet dien 



Phirong phap 
cang cot thep 
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dung tarn 


lech tarn 




1 . Cfng suat bi giam 
hay khong doi khi ket 
cau chiu tac dung 
cua ngoai life 


Tren be (cang trifdc) 


0,85 


0,95* 




Tren be tong (cang 
sau) 


0,70 


0,85 




2. Cfng suat bi tang 
khi ket cau chiu tac 
dung cua ngoai lift: 


Tren be (cang trifdc) 


0,65 


0,70 




Tren be tong (cang 
sau) 


0,60 


0,65 




* ap dung cho cac cau kien diroc san xuat theo dieu kien tang dan life 
nen, khi co cac chi tiet lien ket bang thep tai goi va cot thep gian tiep v6i 
ham lirong thep theo the ti'ch \i v > 0,5% (xem dieu 8.5.3) tren doan 

khong nho hon chieu dai doan truyen Cfng suat i p (xem dieu 5.2.2.5), 

cho phep lay gia tri a bp /R bp = i,o . 

Ghi chu: 06'i v6i be tong nhe tCr cap B7,5 den B12,5, gia tri a bp /R bp nen 
lay khong I6n hon 0,3. 
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8 Doi v6i ket cau Cfng IlTc trifdc ma co dir kien trifdc den viec dieu 
chinh Cfng suat nen trong be tong trong qua trinh sCf dung (vf du: trong 
cac 16 phan Cfng, be chifa, thap truyen hinh), can sCf dung cot thep 
cang khong bam di'nh, thi can co cac bien phap co hieu qua de bao 
ve cot thep khong bi an mon. Doi vdi cac ket cau Cfng suat trifdc 
khong bam dinh, can tinh toan theo cac yeu cau kha nang chong nut 
cap 1. 



